Appendix 1. Development of CLASS-Bio by Semsar et al (1)
Development process for CLASS surveys by Semsar et al (1): CLASS-Bio (1) was developed as a companion to similar surveys for physics (21, 22) and chemistry (23) by a faculty working group using those surveys (CLASS-Physics and CLASS-Chemistry) as a starting point. Some statements in the physics and chemistry surveys were modified slightly by Semsar et al. (1); e.g. changing the word "physics" to "biology" or referencing "ideas" rather than "equations." The CLASS-Bio working group also developed additional statements specifically relevant to biology. The biology survey was refined after the developers discussed students' responses on an initial version with participating students on two campuses. The survey development process also included interviews with holders of a PhD in any area of biology from 30 universities, across a wide range of specialties (1). These individuals were considered the "biology experts". After compiling data obtained from administering a preliminary version of CLASS-Bio, the development team carried out an iterative process of factor analysis, following the manner in which the original Physics CLASS was developed (21). Statements were ultimately grouped into seven subsets (categories), with some statements represented in more than one category. The final CLASS-Bio survey is composed of 32 statements: 31 statements with which at least 90% of a large group of scientists ("experts") shared consensus, and one additional statement used to eliminate surveys received from students who did not closely attend to the prompts (1).
Survey validity and reliability:
As part of CLASS-Physics survey development, students were interviewed about their reactions to the statements presented and their thinking when responding to the survey (21). Equal numbers of women and men were interviewed; 20% of the students interviewed were characterized as "non-Caucasian." The authors did not report any correlation between interviewee gender/ethnicity and confusion over particular survey statements. In a validation study of CLASS-Physics at a Hispanic-serving institution, Sawtelle et al. (34) found a single statement that elicited confusion, and modified the statement for clarity. As part of the development process of CLASS-Bio, interviews with students at the 2 campuses where the survey was later administered, both public universities, were used to refine the selection and sharpen the wording of individual statements, to ensure that the students were reading and interpreting the question as did the biology experts (PhD holders 1). Content and construct validity of CLASS-Bio statements, as well as instrument validity were established through an extensive and iterative process. Like CLASS-Physics and CLASS-Chemistry, CLASS-Bio is highly reliable (1). We did not interview students on our campus to examine their reactions to the survey.
Appendix 2:
Outcomes for matched-pairs compared to whole-class data; first-year and upper-level CREATE courses Table S1a . Statistical outcomes for first-year CREATE course. Left panel, matched-pair data on 21 students from 3 classes; Right panel, data from all "pre" (n = 39) and "post" (n = 30) respondents, including students present for one but not both surveys. Both groups showed significant expert-like (Expert) shifts Overall and in additional categories. T test, 2-tailed matched pairs (left panel); 2 tailed unequal samples (right panel). ES: http://www.psychometrica.de/effect_size.html. Pre, pre-course; Post, post-course, SD, standard deviation. Lack of significant change denoted "--". Table S1b . Statistical outcomes for upper-level CREATE course. Left panel, matched-pair data on 56 students from four classes; Right panel, data from all "pre" (n = 82) and "post" (n = 71) respondents, including students present for one but not both surveys. Both groups showed significant (p < 0.05) expert-like (Expert) shifts Overall and in additional categories. T test, 2-tailed matched-pairs (left panel); T test, 2-tailed unequal samples, (right panel). Effect size: http://www.psychometrica.de/Effect size.html. Pre, pre-course; Post, post-course, SD, standard deviation. Lack of significant change denoted "--".
